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ABSTRACT 

Mutations of the tumor suppressor gene pS3 are the most common genetic alterations observed in human can- 
cer. Loss of wild-type p53 function impairs cell cycle arrest as well as repair mechanisms Involved in response 
to DNA damage. Further, apoptottc pathways as induced by radio- or chemotherapy are also abrogated* Gene 
transfer of wild-type pS3 was shown to reverse these deficiencies and to Induce apoptosis in vitro and in pre- 
clinical in vivo tumor models. A phase I dose escalation study of a single intratumoral infection of a replica- 
tion-defective adenoviral expression vector encoding wild-type p53 was carried out in patients with incurable 
nan-small cell lung cancer, Alt patients enrolled had p53 protein overexpression as a marker of mutant p53 
status In presentment tumor biopsies. Treatment was performed either by bronchoscope intratumoral In- 
jection or by CT-guided percutaneous Intratumoral injection of the vector solution. Fifteen patients were en- 
rolled in two centers, and were treated at four different dose levels ranging from 10 7 to 10 10 PFU (7.5 x lo 9 
to 7.5 * 10 12 particles). No cllnhmUy significant toxicity was observed* Successful transfer of wild-type pS3 
was achieved only with higher vector doses. Vector-specific wild-type pS3 RNA sequences could be demon- 
strated in posttreatment biopsies of six patients. Transient local disease control by a single intratumoral in* 
jection of the vector solution was observed in four of those six successfully transduced patients. There was no 
evidence of clinical responses at untreated tumor sites. Wild-type p$3 gene therapy by intratumoral injection 
of a replication-defective adenoviral expression vector 1$ safe, feasible, and biologically effective In patients 
with advanced non-small cell lung cancer. 



OVERVIEW SUMMARY 

Cfcne transfer of the hturum wild-type <wt) pS3 tumor cup*, 
pressor gene into p53 mutant tumors has been shown to have 
antiproliferative and apoptottc effect* ut vUrb and in vivo. 
Schukr $t al. report on a phase t clinical study of local wtp5J 
genu therapy In ptttiWfl with advanced notl-small cell hlltg 



cancer. A recombinant renlkation-defldeiit adenovirus carry- 
ing the complete human vitpS3 cDNA under the control of the 
CMV immediate/early gene promoter was devised as expres- 
sion vector. Gene transfer was achieved at higher virus doses 
without occurrence of any relevant treatment-related toxicity. 
In addition, clinical effects suggestive of a moderate local an- 
tiproliferative activity were observed in some patients. 
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INTRODUCTION 

Mutations of the tumor suppressor gene p53 are detected 
in more than 50% or human cancers. Missense mutations 
within the sequence coding for the DNA-binding domain of the 
pS3 gene product are the moat common alterations observed 
(Holtstein et aL 1994). These mutations result in synthesis of 
a functionally inactive protein, which accumulates intracetlu- 
iarly at high levels (Bartek et <rf M 1991). Less frequently, p53 
deletions or chain-termination mutations are detected. Loss of 
functional p53 results in impaired cell cycle control and repair 
mechanisms in response to DNA damage (Levine, 1997). Pa- 
tients suffering from the LUFraumcni syndrome are, as a result 
of germline mutation of the p53 gene, prone to early cancer de- 
velopment as are mice with a homozygous deletion of p53 
(Donehower et aL, 1992). Moreover, p53 mutations may abro- 
gate apoptosis as induced by several cytotoxic agents or radia- 
tion (Lowe et aL 1993a ( b). In light of this preclinical evidence, 
restoration of functional p53 represents an attractive target for 
somatic gene therapy in cancer. Results of a pilot study of nine 
patients support this view (Roth et aL, 1996). 

Non-small celt lung cancer (NSCLC) accounts for 75 to 80% 
of fttl lung cancers, and is srill a leading cause of death from 
malignancy (Boring *r a/., 1994). At primary diagnosis* mast 
patients present with nonreasctablc disease. Despite intensive 
chemo- and radiotherapy, 5-year survival of stage III patients 
doe* not exceed 15% {Dillman tt aL, 1996; Pritchard and An- 
thony, 1996). In stage IV NSCLC, chemotherapy never is cu- 
rative and prolongs median survival for less than 4 months as 
compared with best supportive care {Cellerino tt ai^ 1991; 
Marino ei aL, 1994). Thus, n*w treatments For advanced 
NSCLC are clearly needed. 

Structural alterations of the p53 gene are detected in about 
45 to 50% of tumors of NSCLC patients (Takahashi 1 989), and 
are associated with an advene prognosis (Quinlan */ aL, 1992; 
Nishio et aL, 1996; Ohsaki et a/.. 1996), Further* mutant p53 
status might also contribute to the low response rates 10 chcrao* 
and radiotherapy observed in NSCLC. The present phase 1 study 
was undertaken to assess safety, feasibility, and biological ac- 
tivity in terms of transgene expression status of local aden- 
ovirus- mediated pS3 gene therapy in patients with advanced 
NSCLC exhibiting p53 mutations- 



PAT1ENTS AND METHODS 

Patients 

All patients enrolled in the study had histologically con- 
firmed stage III B or IV NSCLC with evidence of p53 gene 
mutation in the tumor tissue, tmmunohistochcmical detection 
of intrarumoral p53 protein accumulation by monoclonal anti- 
bodies PAb 1801 and/or PAb 240 (Pharmingen, San Diego, CA) 
served as surrogate marker of mutant p53 status (Bartek et <ai., 
1991). Staining of paraffin-embedded tissue was performed ac- 
cording to standard methods. Sections with definitive nuclear 
reacdvuy of ;>50% of cells were scored 3+: sections with a 
reactivity of 25 to 50% of cells were scored 2+ ; and sections 
with a reactivity of 1 1 to 24% of cells were scored l-K Sec- 
tions with 10% or fewer reactive cells were scored as negative. 



Additional inclusion criteria were as follows; age, 18 to 75 
years; a Karnofsky performance score of at least 70%; an ab- 
sence of clinically relevant hematologic, hepatic, or renal in- 
sufficiency or electrolyte imbalances; and pulmonary function 
adequate to perform all treatment procedures safely. A treat- 
mcnt-frcc interval of at least 4 weeks in duration had to have 
elapsed before enrollment in the study. Pregnant or lactating 
women, fertiU women not practicing medically acceptable con- 
traception for at least 6 months following study treatment, pa- 
tients with uncontrolled serious infections, human immunode- 
ficiency virus (HIV) positlvity, or patients receiving systemic 
immunosuppressive or corticosteroid treatment within the last 
3 months before entry into the study were excluded Acute ade- 
noviral infection was ruled out prior to therapy. All patients 
gave written informed consent. 

Methods 

Study design. This was a biccmric, open, phase I dose esca- 
lation study. Three patients were treated at each dose level, and 
dose escalation was continued until two consecutive dose lev- 
els confirmed biological activity of the treatment as defined by 
demonstration of intratumoral trancgene expression, or until sig- 
nificant dose-limiting toxicity was encountered. Each patient 
was monitored weekly for 28 days, with day 1 being the date 
of treatment. On completion of the observation period all pa- 
tients were monitored at the study centers at regular intervals. 
The protocol was approved by the local ethics committees, and 
by the national regulatory offices (Germany: Kommission 
Somatische Gcntherapie der Buttdesarztekammet, and Zen- 
u^ommission Btologische Sicherhett; Switzerland: Schweis- 
erische Kommission ftr Biologische Sicherfaelt, and Interkan- 
tonaie Arzneimittelstelle). The study was performed according 
to the Declaration of Helsinki and according to the principles 
of good clinical practice. 

Study end points. Primary objectives of the study were to de- 
termine safety, feasibility, and biological activity of a single in- 
tratumoral injection of SCH 58500, as defined by reverse tran- 
scription and polymerase chain reaction (RT-PCR) detection of 
vector-specific wild-type (wt) pS3 RNA sequences in post- 
treatment tumor biopsies The secondary objective was to as- 
sess clinical evidence of antitumoral efficacy of intratumoral 
SCH 58500 injection in patients with NSCLC. 

Staging procedures. At baseline and on day 2$ all patients 
underwent computed tomography (CT) scans of the chest for 
bidimensional measurement of the treated tumor lesion and nil 
other tumor manifestations. If clinically indicated, CT or ultra- 
sound scans of the abdomen and bone scans were performed. 

Treatment SCH 58500 (rAd/p53) is an aqueous solution of 
a replication-defective recombinant adenovirus type 5 contain- 
ing the complete human wt p53 cDNA under the control of the 
human cytomegalovirus (CMV) immediate-early gene promo- 
tor (Wilis tt aL 1994; Harris et aL 1996). SCH 58500 was 
manufactured in CGMP compliance in validated plant facilities 
under strict environmental monitoring and control conditions 
by Schering-Plough Werthcnstein Chemie AG (Schachen, 
Switzerland). In brief, the vector was propagated in 293 cells 
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in a bloreactor. The cells were grown in liquid medium on the 
surface of rxuerocaniers, As a port of routine testing, each fer- 
mentation batch was tested for sterility, mycoplasma, adventi- 
tious viruses, and adeno-assoclatcd virus at the unprocessed 
bulk stage, The SCH 58500 product was purified by chro- 
matography (Huyghe et at., 1995) and filtration, and was sup- 
plied in vial strength? pf 1 X 10 s plaque-forming units per mil- 
liliter (PFU/ml) and i x to 9 PFU/mi (7.5 x 10 W and 7.5 x 
10 n particles/ml). Patients were treated with a single intratu- 
moral injection of four different dose levels of SCH 58500 (ab- 
solute 1 x 10 7 , I X 10*, 1 X 10* and 1 x 10 10 PFU), tn dose 
levels I, 2, and 3 (endobronchial) a volume of i ml of SCH 
58500 was injected intratumorally at bronchoscopy. In dose lev- 
els 3 (percutaneous) and 4 a volume of 10 ml of study med- 
ication was administered intratumorally by percutaneous injec- 
tion under CT guidance. After treatment all patients were 
hospitalized in single rooms in an $2 isolation unit for at least 
,72 hr or until detection of adenovirus shedding by the patients 
became negative . Ail patients underwent a biopsy of the treated 
tumor lesion 24 to 48 hr after injection of SCH 58500. In dose 
levels, i, % and 3 (endobronchial) posttreatment biopsies were 
obtained by bronchoscopy. In dose levels 3 (percutaneous) and 
4 posttreatment biopsies were obtained by percutaneous needle 
biopsy under CT guidance. 

Detection of wild-type p53 gene transfer. Expression of vec- 
tor-specific wt pSS RNA was assessed in posttreatment biop- 
sies by means of RT-PCR according to previously published 
methods (Wills et aL, 1994), In brief, total cellular RNA was 
isolated from homogenized tumor biopsies and reverse tran- 
scribed into cDNA. Hie maximum amount of RNA available 
was used for RT-PCR. This ranged from 0.5 to 5 >tg for sam- 
ples from all patients except patient UPN 015, from whom 15 
jig of RNA were obtained. PCR was performed tor 28 cycles 
for all patient samples. Samples from patients treated at low 
dose levels with negative PCR results after 28 cycles were also 
run for 45 cycles in order to increase sensitivity. Those sam- 
ples were ftom patients UPN 00 1, 002, 003, 004, 006, and 007, 
all of which remained negative after 45 PCR cycles. The vec- 
tor-encoded p53 cDNA was amplified using specific primers, 
one within the Ad2 tripartite leader (at the 5' end of the mRNA), 
and the second within the pS3 coding region, leading to am- 
plification of a 563-bp target sequence. Parallel PCR reactions 
using primers specific for a 719-bp fragment of the human &• 
actin cDNA served as controls for integrity and efficacy of the 
RNA extraction as well as of the cDNA synthesis. Seraiquan- 
titation was carried out for vector-encoded p53 cDNA as well 
as for human JE^actin through the use of DNA "mimics" spe- 
cific for each reaction. The mimic carried sequences at its ends 
that allowed it to be amplified by the same primers used to am- 
plify the target sequence. This amplification results in a second 
band 412 bp in size for the *>5i mimic," and 494 bp in size 
for the "/3-actin mimic." Thus, on the gel, each lane should con- 
tain two bands; the upper band Is the larger fragment target, 
and the lower band is (he smaller fragment mimic- Addition of 
a known concentration of mimic to a given reaction enabled de- 
termination of the relative amount of each cDNA present. All 
PCR products and controls were run on agarose gels and stained 
with ethldium bromide. Quantification of the amplified DNA 



bands was performed on a Molecular Dynamics Ftuorlmager 
(Molecular Dynamics, Sunnyvale, CA). 

Virology studies. Adenovirus shedding and excretion were 
assessed in patient stool or rectal swab by means of a com- 
mercially available enzyme-linked immunosorbent assay 
(EUSA) kit (Adenaelone; Cambridge Biotech, Worcester, MA) 
according to the manufacturer instructions. Further, adenovirus 
shedding in sputum and urine was assessed by the same EUSA 
kit according to an adapted protocol, tn addition, an ELISA sys- 
tem was established to detect serum antibodies against SCH 
58500, which also detects cross-reacting antibodies against 
wild-type adenoviruses. In brief, microtiter plates were coated 
overnight With SCH 58500, and then were washed and blocked 
for nonspecific binding with bovine serum albumin (BSA). 
Each serum sample was diluted 1:40 into phosphate-buffered 
saline (PBS) containing 1% BSA and 0.05% Twcen, and then 
was serially diluted twofold, A total of seven dilutions of each 
serum sample was added to the plate and were incubated 
overnight. A positive control and pooled normal serum were 
also assayed on each plate. After washing, anti-SCH 58500 an- 
tibodies were detected by reaction with biotin-labclcd protein 
A/G (Jackson ImmunoRescarch Laboratories* West Grove, 
PA), horseradish pcruxidase-lnbelcd strcptuvidin, which re- 
sulted in a colorimetric reaction on the addition of hydrogen 
peroxide and tctrarnethyl benzidine. Samples were considered 
positive for the presence of anti-SCH 58500 antibodies if the 
ratio of the mean optical densities of the sample dilutions ver- 
sus the mean optical densities of the normal human serum di- 
lutions was above a threshold value of 0.2S. Further, patients 
were considered positive for development of anti-SCH 58500 
antibodies if the posttreatment sample was positive, and there 
was at least a twofold increase in mean optical density as com- 
pared with pretreatment values. 



RESULTS 
Wild-type p53 gene trwsfer 

Fifteen patients were enrolled in the study between October 
1, 1996, and My 16* 1997. Baseline characteristics are shown 
in Table 1 . Nitw patients were treated by bronchoscoptc intra- 
tumoral injection of 1 ml of SCH 5850O at three different dose 
levels (levels 1, 2, and 3), Six patients were treated by percu- 
taneous intratumotal injection of 10 ml of SCH 58500 at two 
different dose levels (levels 3 and 4). In 13 patients sufficient 
amounts of intact RNA were recovered from posttreatment 
biopsies for analysis of transgene expression by RT-PCR. The 
trial was closed on August 12, 1997. At dose level 1, no trans- 
gene expression could be detected, whereas at the subsequent 
dose levels expression of vector-specific wt p53 RNA se- 
quences (Fig. 1) could be demonstrated in a way suggestive of 
dose dependency. Results of wtp5i RT-PCR in relation to SCH 
58500 dose levels are summarized in Table Z The median ex- 
pression level of transgenic w\p$3 amounted to 8.0 1 molecules 
per 1000 molecules of 0-actin (range, 0.49 to 197.97 mole- 
cules/1000 molecules 0-actin); no correlation between trans- 
gene expression level and the vector dose injected could be es- 
tablished. 
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Table 1. Patient Characteristics 



Parameter Value/distribution 



Scx 4 female, 1 1 male 

Age (median, range) 6 0 (45 to 75) years 

Histology 



Adenocarcinoma 


8 


Squamous cell carcinoma 


4 


Large cell carcinoma 


3 


Pretreatmem 




None/local procedures 


6 


Surgery 


4 


Radiotherapy 


4 


Chemotherapy 


9 


Active smokers 


14 



Clinical response and patient follow-up 

Results of day 28 restaging CT scans in relation to wt p53 
gene transfer are summarized In Table 3. Whereas local disease 
stabilizations have been observed at treated tumor sites, in all 
but one evaluablc patient distant tumor sites were progressive. 
According to standard oncological response criteria, at day 28 
restaging 11 patients had progressive disease, 2 patients had 
stable disease, and 2 patients were not evaluabte for tumor re- 
sponse. In one heavily pretreated patient, who was initially en- 
rolled at dose level 3 (percutaneous), a stabilization of the 
treated chest wall metastasis was observed on day 28, whereas 
his untreated primary tumor progressed. Approximately 4 
months after the first treatment, this patient received a second 
dose of 3CH 38300 at dose level 4 on a single patient protocol 
exception after approval by the local ethics committee. The sec- 
ond injection was directed to the patient's primary tumor. 
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Ta&le 2. SCH 58500 Gene Transfer sy Dose 



Dose level 
(PFU) 


Patients 


Route 


0-Actin* 


p53 h 


10 7 


3 


B* 


3 


0 




3 


B 


3 


1 


10 9 


3 


B 


2 


2 


10 tOe 


3 


C 1 


3 


t 


3(+l> 


c 


2(+l) 


K+l) 



V3-Actin, RT-PCR detection of human 0-actin RNA as 
internal control. 
^53, RT-PCR detection of vector -specific wt p53 sequences. 
C B, Bronchoscope intratumorai injection of 1 ml of SCH 

58500 solution. 



*C> CT-guided percutaneous intratumorai injection of 10 ml 
of SCH 58500 solution. 

*At dose level 4, results of the second treatment of a patient 
initially treated at dose level 3 (percutaneous) are included in 
parentheses. 



Again, successful gene transfer was confirmed by RT-PCR 
from a biopsy taken 24 hr posttreatment (data included in Table 
2). Approximately 8 hr posttreatment the patient experienced 
WHO grade 2 fever. No further adverse events were observed 
On restaging on day 28 after the second dose, the primary tu- 
mor was again slightly progressive. On long-term follow-up, 9 
of 15 patients died from progressive disease. Another patient 
died on day 18 of the observation period from progressive dis- 
ease. As of December 1997, three patients are still alive with 
clinically stable disease, one patient is alive with slowly pro- 
gressing disease, and one patient has been tost to follow-up. 
Clinical results of the six patients with successful demonstra- 
tion of transgene expression in relation to SCH 58500 dose level 
are shown in Table 4. 




O-actfn mimic 
p53 mimic 



BIG. L Representative gel of an RT-PCR analysis of a patient sample. Four dilutions of the 0-actin PCR product are shown 
m lane, i-4> and four dilutions of the vector-specific p53 PCR product are shown in lanes 5-8. A control to detect residual DNA 
Hut? molecular weight marker is seen in lane 10. Low (500 molecules) and high concentrations (100.000 

molecules) of the "mimics" for 0-«otin fln d vecior-apeciflc pS3 «c seen in lon« U to 14. 
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Table 3» Disease Status on Day 2$ in Relation 
to Wild-Type p53 Transgenb Expression 



Treated lesion Distant lesions 



n 


p53 B 


PR 


SD 


PD 


PR 


SP 


PD 


6 


+ 


0 


4 


2 


0 


0 


6 


7b 




0 


2 


3 


0 


1 


3 


2 


ND 


0 


1 


1 


0 


0 


2 



*p53, RT-PCR detection of vector-specific wtp53 sequences. 

b £n two patients no day 28 CT scans were performed; in one 
patient no measurable distant disease was present. 

Abbreviations ND, Not done (insufficient RNA retrieved 
from posttreatment tumor biopsy); PR, partial remission; SD, 
stable disease; PD, progressive disease. 



% Toxicity 

In general, toxicity of intratumoral injection of SCH 58500 
was mild and mainly resulted from procedure-related discom- 
fort Nine patients experienced mild- to moderate-grade fever 
several hours after treatment, which spontaneously resolved no 
later than day 3. In addition, mild- to moderate-grade influenza- 
like symptoms* arthralgia, dyspnea, hypertension, and tachy- 
cardia were observed following SCH 58500 injection in one pa- 
dent each. Adverse events (hat were considered to be related to 
the study treatment are summarized in Table 5. A transient in- 
crease in leukocyte counts was observed in eight patients with- 
out SCH 58500 dose dependency. There were five serious ad- 
verse events during the 2&-day observation period: One patient 
treated at dose level 1 died on day 18 of the observation pe- 
riod. Postmortem examination revealed progressive disease and 
multiple pulmonary emboli as the cause of death. No signs of 
viral pneumonia were found, and no relation 10 study treatment 
could be established. Two patients experienced disease pro- 
gression within the 28-day observation period. One patient ex- 
perienced a hypertensive episode that required treatment This 
patient had d past medical history of hypertension. One patient 
experienced diarrhea, malaise, and influenza-like symptoms, 
which required prolongation of his hospital stay. No adenovirus 
shedding was demonstrated In the sputum, urine, or stools of 
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this patient, and the symptoms resolved an symptomatic treat- 
ment. There were no serious adverse events resulting from bron- 
choscopies* percutaneous injections, or biopsies. 

Virology studies 

In all patients adenovirus shedding was assessed on a daily 
basis by ELISA, performed on sputum, urine, stools, and rec- 
tal swabs before treatment and for 72 hr after treatment or un- 
til negative. All patients were confirmed to be negtive for ade- 
novirus excretion before treatment. Posttreatment viral 
shedding was observed in the sputum of one patient only on 
day 2 after treatment at dose level 3 (percutaneous). In another 
patient treated at dose level 1 falsely positive adenovirus shed- 
ding in urine and stool was found until day 6, owing to inap- 
propriate use of the EUSA kit In all othor patfentt no evidence 
of adenovirus shedding could be demonstrated. 

In All patient* anti-fiCH 58500 antibodies (i.e., artti-aden- 
oviral antibodies} were detectable before treatment. A signifi- 
cant (^twofold) increase in anti-SCH 58500 antibodies was ob- 
served in 11 of 15 patients following treatment with SCH 
58500. Relative antibody levels increased by day 7 and re- 
mained at that level undi day 28 (Fig. 2), There was no corre- 
lation between relative antibody levels observed and the dose 
of SCH 58500 administered. In one patient receiving a second 
dose of SCH 58500, development of and-SCH 58500 antibod- 
ies following the first treatment did not prevent a second suc- 
cessful local wt pS3 gene transfer (Pig. 3). 



DISCUSSION 

The most common human cancers arc strongly selected for 
mutations of the tumor suppressor gene p53, underscoring its 
central role in prevention of malignant transformation and tu- 
mor progression. Moreover, mutant pS3 status appears to re- 
duce sensitivity toward commonly applied cytotoxic agents and 
radiotherapy (Levlne, 1997). Thus, transfer of wild-type p53 is 

an attractive target fot concur gene therapy. Numerous in vitro 
studies have demonstrated growth inhibition (Takahashi et at.. 
1992), restoration of ch^motherflpy sensitivity (Pujiwara et aU 
1994b), as well as induction of apoptosis (Fujiwara etaL 1993) 



Taule 4. Disease Status and Long-Term Follow-up in Relation to SCH 58500 
Dose Level of Six Patients with Successful Wild-Type p53 Gene Transfer 

Day 28 

Dose level 



VPN (PFU) Route Treated* Distant* Follow-up 



005 to 8 & SD PD Died from PD 

008 10 9 C« PD PD Died from PD 

009 10 9 C SD PD Second treatment 

010 10 9 B SD* PD Died from PD 
015 10 9 B PD PD PD +2 months 
012 10 i0 C SD PD SD +6 months 



Treated, treated tumor lesion; distant, untreated tumor lcsioti(s), 

h B, Bronchoscope intratumoral injection of 1 ml of SCH 58500 solution. 

CT-guided percutaneous intratumoral injection of 10 ml of SCH 58500 solution. 
^Patient experienced local PR in treated tumor lesion at 2 months follow-up. 
Abbreviation: UPN, Unique patient number. 
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Table 5. Treatment- and/or Procedure-Related 
Toxicrrn-s tn Relation to SCH 58500 Dose Level* 



(0 7 PFU 10 s PFU W'PFU lO iC PFU 
( n ~ D b fn = 3) fn = 6) (n - 3) 



Hot flushes n (!) _ 

FluLiice symptoms — tt (\) 

Arthralgia — _ _ Jn 

£ ever t(l) 1(2) 1I<3) no 

Dyspnea _ _ ni _ 

Hypertension ^ lf m 

Tachycardia ~_ _ _ JjjJJ 



^oman numerals indicate maximal severity 0 f adverse event <1, mild; II, 
moderate; HI, seye«; IV, life threatening). Digits in parentheses indicate number 
of patients experiencing the respective adverse event. 

b rt. Number of patient? treated per dose tevel. 



on wt p53 gene transfer in lung cancer celts. Furthermore, in 
animal models of lung cancer a therapeutic effect of intratra- 
cheal instillation (Fujiwara tt aL, 1994a) or intratumoral injec 
tion (fujiwara et ai, 1994b; Wills et aL. 1994) of wt ^con- 
taining expression vectors was noted. In these studies either 
retroviral (Cai et aL, 1993; Fujiwara et a/., 1993) or adenovi- 
ral (Zhang et aL t 1994; Harris et aL 1996) vector constructs 
were applied with similar effects. An ElB-deflcient adenoviral 
strain has been shown to replicate selectively in pSJ mutant tu- 
mor cells, leading to cytopathtc effects at a low multiplicity of 
infection (Bischoff et aL, 1996; Heisc et ni, 1997). This ele- 
gant approach used mutant p5S as a target for vims-mediated 
tumor therapy without transferring wt pSS itself. 

An Initial clinical pilot study reported induction of apopto- 
sis and tumor regression in three of nine patients with advanced 
N5CLC treated by intratumoral injection of a fixed dose of a 
retroviral vector containing wt p53 (Roth et at., 19961 In that 
study vector DNA sequences were detected in some posttreat- 
ment tumor biopsies by DNA-PCR or by in situ hybridization. 
However, no transpme expression was demonstrated, limiting 
the interpretation of antitumors! and apoptotic effects observed 
ifi that trial. 

In the present study intratumoral expression of vector-spe- 
cific wtpfj RNA as detected by RT-PCR was the primary end 
point. An adenoviral expression system was chosen because of 




FIG. 2. 
relation to 
each time 
serum. 



d28 2 men 



Development of anti-SCH 58500 antibodies in 
treatment. The boxes show the median values at 
point, OD, Optical density; NHS, normal human 



its established safety in clinical trials, its organotropism, and its 
ability to transduce noncyding as well as dividing tumor cells 
Oaht^retai, 1M3; Crystal 4 t*L % 1004, tpp5 ; HiyetaL, \99S X 
Knowles et o/„ 1995). In addition, the antiromoral efficacy of 
adenoviral gene transfer of wt p53 has been demonstrated in 
several in vitro and preclinical in vivo models (Wills et aL, 
1994; Harris et aL 1996). Intra tumoral transgenic expression 
could be demonstrated in a manner suggestive of dose depen^ 
dency in tumor samples taken within 48 hr posttreatment* Vims 
doses of 10 ? PFU were required to achieve detectable trausgene 
expression in the majority of cases. The toxicity of the treat- 
ment in general was mild to moderate. Febrile reactions tended 
to increase with the vector dose administered. However, this in- 
flammatory response did not prevent local wt pSS gene trans- 
fer at higher virus doses. Moreover, evidence suggestive of 
short-term local tumor control was obtained. To minimize the 
risk for the patients only small posttreatrnetit tumor samples 
could be obtained. Thus, the functional activity of the transgene 
in terms of induction of proteins encoded by genes downstream 
of p3J could not be assessed. Artti tumoral effects could there- 
fore also be mediated by the adenovirus itself (Bischoff et aL, 
1996) or by an and-adenoviral immune reaction. In addition, 
an immune reaction against p53 peptides presented by tumor 
cells (Theobald et aL, 1993; Vierboom et at. % 1997) could have 
been augmented by intratumoral injection of SCH 58500. 
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FIG. 3. Course of anti-SCH 58500 antibodies in a single pa- 
tient receiving two dosings of SCH 58500. The black triangles 
show the time points of treatment. The shaded area highlights 
the negative threshold of 0.28. 



p53 GENE THERAPY IN LUNG CANCER PATIENTS 



2081 



Clinical effects, such as load disease stabilisation, as ob- 
served in this phase I study should be interpreted with caution. 
More importantly, tntratumorai injection of SCH 58500 even 
at high viral doses was shown to be safe and feasible in patients 
with advanced NSCLC. In conclusion, for the first time intra- 
tumoral transgetie expression of vftp53. as obtained by aden- 
oviws-roediated gene transfer, could be demonstrated in a clin- 
ical phase I study. An ongoing phase n study focuses on clinical 
efficacy of repetitive Injections of SCH 58500 in conjunction 
with systemic cytotoxic chemotherapy. 
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